The data available in the collaborative project OpenStreetMap (OSM) is in some locations so detailed and complete that it may provide useful data for Land Cover Map creation and validation. However, this degree of detail is not uniform along space. Therefore, one of the first requirements that needs to be assessed to determine if the creation and validation of Land Cover Maps using data available in OSM may be feasible, is the availability of data to provide a relatively complete coverage of the region of interest. To provide a fast and automatic quantitative assessment of this requirement a methodology is presented and tested in this article. Four study areas are considered, all located in Europe. The results show that the four regions presented very different coverages at the time of data download and its spatial distribution was not uniform. This approach enabled the identification of the most problematic regions for land cover mapping, where low levels of data coverage are available. Since the proposed methodology can be automated, it enables a fast identification of the regions that, in a preliminary analysis, may be considered fit for further analysis to assess fitness for use for Land Cover Map creation and/or validation.
1.! INTRODUCTION
Land Cover Maps (LCM) are fundamental for many applications, such as environmental planning, climate change analysis or hydrologic modelling (Foody, 2002; Verburg et al. 2011; Nie et al. 2011) . These maps are usually created through the classification of satellite imagery and are validated using reference databases that are created either through photointerpretation of satellite or aerial images and/or field visits. However, alternative approaches both for LCM creation and validation have been tried, using alternative data sources (e.g. Fritz et al, 2012 , See, et al., 2013 , Foody and Boyd, 2013 , Jokar Arsanjani et al., 2013 , Estima et al., 2014 .
The term Volunteer Geographical Information (VGI) is a term proposed by Goodchild (2007) that refers to geographical information provided voluntarily by individuals. This type of data can be also referred to as, for example, Collaboratively Contributed Geospatial Information (Birsh and Kuhn, 2007; Keßler et al., 2009 ), or Contributed Geographical Information (Harvey, 2013 .
OpenStreetMap (OSM) is one of the most well-known VGI projects. It includes vector data about a large diversity of features, such as Buildings, Highways, Waterways, Landuse, Natural features and Points of Interest (OSM Wiki, 2014) . The data created is open and can be copied, distributed and changed as long as credit is given to OSM. The data is created and edited continuously by the volunteers, and therefore the available information has a dynamic nature, which has the potential to enable a fast adaptation to the changing world. However, the data available at OSM presents very heterogeneous characteristics, regarding both the amount of data available and its quality (Mooney et al. 2010 ). This heterogeneity goes from regions with an impressive quantity and quality of information, which can even be more complete than authoritative data (Neis et al., 2011) , to regions with no data at all.
The data available in OSM is so detailed in some regions that it enables the creation of LCM (Jokar Arsanjani et al., 2013) . Its use for LCM validation was already made as auxiliary information (Bontemps et al., 2011; Fonte et al., 2015) . Its potential use as the only source of data was also already analyzed and tested (Martinho and Fonte, 2015; Estima and Painho, 2013) . However, the use of OSM for these applications requires that the data available has enough quality; which can be assessed in its several aspects, such as positional and thematic quality, completeness, currency and logical consistency. Since the assessment of data quality in all these dimensions is not an easy and fast process, before starting the assessment of the traditional data quality aspects, a preliminary analysis may be done to determine if enough data is available. Therefore, a first step to determine the fitness for use of OSM data for LCM purposes may be to assess its availability. To make this initial assessment, since LCM are spatially exhaustive, and therefore no empty space is supposed to exist, the degree of spatial coverage (used in this article to express the percentage of space with available data) is the aspect used to determine if the data may be considered or not as potentially usable for LCM creation and/or validation.
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2.! METHODOLOGY
The diversity of features available in OSM enables the classification of the majority of phenomena occurring at the earth surface. Therefore, the aim of the operator developed is to assess the proportion of space occupied by the spatial elements available in OSM for a grid of cells chosen by the user, providing the here called degree of coverage of the earth surface for each cell.
The data available in OSM is in a vector format, consisting of points, lines and polygons. Since point and linear features do not occupy any area in the terrain, those that represent phenomena that in reality have area extents and are relevant for land cover, such as roads and waterways, need to be assigned to an area feature. Therefore, some pre-processing of this type of data is necessary to assess the degree of coverage. This is done considering buffer regions around these features, with an extent dependent on the type of feature and local characteristics (Jokar Arsanjani et al., 2013) .
The proposed operator to assess OSM data coverage was developed for data downloaded using the methodology adopted by Geofabrik for freely available shapefiles, consisting of the following levels: Roads (which is a sub-feature of Highway), Railways, Waterways, Landuse, Natural and Buildings. The proposed methodology includes the following steps, indicated in Figure 7.! Compute the area of the OSM generated feature included in each cell and join this information to the grid, using the cell ID;
8.! For each grid cell compute the coverage index (CI) given by Equation (1).
(1) Figure 1 . Workflow of the methodology used to assess OSM data degree of coverage.
3.! CASE STUDIES
The proposed operator was applied to four regions. The chosen regions are all located in Europe, namely in the United Kingdom (UK), France, Ireland and Portugal. Regions were considered where different degrees of coverage were expected to exist, according to the data provided by Geofabrik (http://www.geofabrik.de/).
3.1! Study Areas
The studied areas were: Greater London in the UK; the city of Dublin in Ireland; the city of Paris in France; and the municipality of Coimbra in Portugal. Figure 2 shows the OSM data available for the four regions. For the Greater London and the municipality of Coimbra, the spatial extent given by the bounding box was cut by the administrative boundary. For Dublin, the bounding box was cut with the coastline.
3.2! OSM Data Processing
The datasets were obtained from the Geofabrik website (http://www.geofabrik.de/), and consist of the free version of shapefiles of the levels roads, railways, waterways, landuse, natural and buildings. These files were pre-processed by Geofabrik from XML OSM file (.osm). Table 1 summarizes the main characteristics of the datasets used. The original OSM data are in the WGS84 geographic reference system. The grids created in the fourth step of the workflow were also created in this reference system. For each case study two grids of square cells were generated, with dimensions of 0.01 and 0.005 degrees, respectively, which were overlaid with the OSM data. The geodesic cell's area was computed (in km 2 ) and therefore there are some area variations for the regions located in different regions of the Earth and also among cells of the same region, when the region is relatively large, as for the London area. Table 2 . Characteristics of the grids used for each study area.
The buffers width, used is step 2 of the workflow to generate areas from the linear features, were estimated by visual inspection over an image layer. Equal values were used for features with the same characteristics in the four study areas.
3.3! Results and Discussion
The application of the presented methodology identifies the percentage of each grid cell that is covered with OSM data. Figure 3 and Figure 4 show the results obtained per cell for the four considered regions for grids 1 and 2, respectively. Figure 5 shows the number of cells with the percentage of coverage in each of the bins, with a range of 10%, for the study areas for both grids. Table 3 and Table 4 show some statistical indicators obtained for the regions under analysis, namely the mean coverage, standard deviation, maximum and minimum values, as well as the 25%, 50% and 75% quartiles for each study area, respectively for grids 1 and 2. The results show that the region with larger coverage of OSM data is the region of Greater London, where the 25% quartile corresponds to a coverage of 65% and 66% for grids 1 and 2 respectively and the 75% quartile to a coverage of 91% an 95% (Tables 3 and 4 ). The 90% and 100% bins contain more than 50% of the cells for both grid sizes and only a few regions within the study area show very low levels of coverage ( Figure  5a) ). An analysis over a satellite image of what exists in those regions indicates that they correspond to low density residential areas, whose buildings are not represented in OSM and therefore most of the coverage comes from the streets that were already inserted in OSM. However, a closer analysis of the OSM data shows that there are "landuse" features of the type "residential" available that were not in the data downloaded using Geofabrik, since they are represented as a relation, and the free shapefiles generated by Geofabrick do not support this type of data (Geofabrick, 2015) . The results obtained for the two grids considered present in general low differences, except larger differences for the 80%, 90% and 100% bins. For the 100% bin the cell's coverage increased from 27% to 38 % with the decrease of the grid size. Table 4 . Statistical analysis of the OSM coverage in the study areas obtained for grid 2.
Statistical indicators
For the region of Paris, from Figure 5b ) and Tables 3 and 4 , it can be seen that lower levels of coverage exist, when compared to the results obtained for London. The percentage of cells with coverage between 90% and 100% is much lower (9% for grid 1 and 12% for grid 2 - Figure 5b) ) and the 25% quartile corresponds to a coverage of 42% for grid 1 and 39% for grid 2, while the 50% and 75% quartile are respectively 56% and 70% for grid 1 and 54% and 73% for grid 2. It can also be seen that most cells have percentage of cover around 50%, which is very different from what was observed in the London area, where most cells have high levels of coverage. From Figures 2b), 3b ) and 4b), it can be seen that the regions with better coverage in Paris correspond to vegetated areas. An analysis of the regions with less coverage also showed that some features available in OSM for the type "leisure" are missing from the data extracted from Geofabrick, such as golf-courses, even though they are available in the original OSM data. Since these features usually correspond to relatively large regions their omission generates some cells with low coverage.
For the Dublin region there is a great number of cells with no information, corresponding mainly to cells that are further away from the city of Dublin (Figure 2c ), 3c) and 4c)). The 25% quartile corresponds only to 4% and 2% respectively for grids 1 and 2. Cells with larger percentage of coverage do not correspond to the city centre but to some regions where there is more detailed land-use and natural information. The percentage of cells in all bins, except the first one, is relatively evenly distributed; with a small increase for higher levels of coverage percentage and a considerable increase for the 90% to 100% bin ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume II-3/W5, 2015 ISPRS Geospatial Week 2015 , 28 Sep -03 Oct 2015 This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper. Editors: A.-M. Olteanu-Raimond, C. de-Runz, and R. Devillers doi:10.5194/isprsannals-II-3-W5-297-2015
for grid 2 (see Figure 5c) ), which was also observed for the bin 0% to 10%. For this reason, the 75% quartile corresponds to a coverage value of 73% and 80% for grids 1 and 2 respectively, which is slightly larger than the one obtained for Paris.
For the Coimbra region, the results show (Tables 3 and 4 and Figure 5d )) that the degree of coverage is very low. The 25%, 50% and 75% quartiles only take values of respectively 1%, 3% and 8% for both grids. The cells with larger coverage values are natural regions, corresponding most of them to rice fields along the Mondego river. These results show clearly that the data in most of Coimbra municipality is not enough to use for LCM purposes.
The results obtained for both grid cell's size provide similar information, showing that the analysis may be started with larger cell sizes. If more refined information is needed the cell size may be decreased, providing more resolution on the spatial variability of the coverage.
4.! CONCLUSIONS
The proposed approach enables to assess the degree of coverage of OSM data for a grid of cells with user defined dimensions. The approach is easily automated, requiring only the choice of the cell size and the prior identification of the typical width of the linear features that need to be converted to area features. In this study these values were chosen using a previous visual inspection for each region, but pre-defined values can be used for a full automation of the process. It should be stressed that this procedure raises problems of accuracy, since the real width of the elements represented by linear features may change considerably within the same area and from region to region. However, for this initial analysis of the percentage of coverage with OSM data, the errors generated by this lack of accuracy have in general low influence over the degree of coverage when the cells size is larger than the order of magnitude of the typical error committed with this approach, and therefore are not relevant.
The results obtained with the proposed operator do not provide information about the accuracy of the OSM data but are useful to identify the regions where the data available may provide enough land cover information, and especially those that are not appropriate for further analysis, since too much data is missing. Therefore, it may be used as a rough indicator of data completeness to assess if OSM may be fit for use for LCM purposes. However, the fitness for use will then need to be analysed with additional methods to assess, for example, completeness in its traditional meaning and positional accuracy. Thus, the level of coverage acceptable to proceed to the next step of analysis needs to be identified for each application.
The data used in the study areas presented in this analysis were freely downloaded using Geofabrick. A more detailed analysis of the regions showing less coverage than their surrounding showed that in some cases there was data missing from the downloaded shapefiles that is available in the original OSM data. This aspect should be taken in consideration when using OSM data for LCM, and the herein proposed approach showed to be useful to identify missing features from the data. Some studies showed that the use of OSM data for LCM creation or validation may be possible (Jokar Arsanjani et al., 2013, Martinho and , but this type of application of OSM data still presents many chalenges and several developments are necessary. One of the main problems is the conversion of OSM features to the LCM classes, particularly because of the diversity of attributes and attribute's values the volunteers can use in OSM. An additional problem is the positional accuracy of the data and the existence of overlapping features, which need to be transformed into only one feature class to produce traditional Land Cover information. Therefore, the approach proposed in this article represents only a contribution to the several developments that are still needed to enable the use of OSM data for LCM purposes.
